We survey recent techniques for local topology control in location aware Unit Disk Graphs. including local algorithms for Routing, Traversal, Planar Spanners, Dominating and Connected Dominating Sets, and Vertex and Edge Coloring. In addition to investigating tradeoffs for these problems, we discuss open problems that will play an important role in the future development of the subject.
are sometimes easier to design and they may lead to better time complexities and/or approximation bounds.
ISSUES IN TOPOLOGY CONTROL
In this section we discuss how locality in conjunction with location awareness can be used to provide algorithms suitable for topology control in wireless ad hoc networks.
Routing
Face routing is a technique that was first proposed in (Kranakis et al. [1999] ) in order to discover routes in a geometrically embedded planar subdivision. Given a source s and a destination t it discovers a route by traversing only the faces crossed by the straight line γ formed by the nodes s and t. After each face traversal it advances to a new face of the planar subdivision. It is guaranteed to succeed because each face traversal reduces the (geometric) Euclidean distance of the current position to the target. The important feature of this algorithm is locality in the route discovery process. At each step (see Figure 1) ) progress is made along a face of the subdivision and it is irrelevant what happens in the remaining part of the graph as long as it remains connected. Moreover, to succeed one never has to remember anything more than the straight line from s to t and the current position, information that is easily acquired on-line by a GPS.
Because of the importance of face routing for wireless networking, efforts have been made to extend this result to richer classes of networks. It is therefore worth mentioning (Chavez et al. [2006b]) which discusses route discovery with constant memory in oriented planar geometric networks (Eulerian and Outer-planar), as well as the work of ) which discusses on-line routing in quasi-planar graphs (a class of graphs with distinct faces which allow edge crossings only within faces). There is also some recent work to specific three dimensional representations of graphs. For example ) studies routing in polyhedral geometrically embedded graphs, (Fraser [2007] ) extends face routing to geometric graphs of genus one (i.e., embedded on a torus), and (Durocher et al. [2008] ) extends face routing to three dimensional graphs delimited by two parallel planes at distance 1/√2.
Traversal
Network traversal is a technique widely used in networking for visiting every node of a network, using a small number of steps when required to process the nodes, edges, faces, etc, of a network in some order.
For example, it may involve reporting each node, edge, and face of a planar graph exactly once, in order to apply some operation to each.
As such it can be used to discover network resources, implement security policies, and report network conditions. Traversal can be used to discover routes between two hosts, but in general it will be less efficient than routing since it cannot guarantee that its discovery process will be restricted to employing only information relevant to routing.
Although DFS (Depth First Search) of the primal nodes and edges or dual faces and edges of the graph is the usual approach followed for implementing traversal, usually it cannot be implemented without using mark bits on the nodes, edges, or faces, and a stack or queue.
The traversal technique from (Chavez et al. [2006b] ) is applicable to the class of quasi-planar networks (this is a class of subdivisions of the plane in which we allow many edges to cross each other). The general idea of the algorithm is to define a total order on all edges thus giving rise to a unique predecessor for every quasi-face (a closed walk in the subdivision). The predecessor relationship imposes a virtual directed tree. The algorithm will search for the root of this tree and then will report quasi-faces of the graph in DFS order on the tree. For this, a well-known tree-traversal technique is used in order to traverse the tree using O(1) additional memory.
Planar spanners
Enabling face routing provides important motivation for the design of algorithms that construct spanners (i.e., planar subgraphs) of UDGs. To be useful in an ad hoc network setting, algorithms for constructing spanners should be local. Additional important characteristics of such spanners should include connectivity (basic requirement for message delivery), low degree (eases channel allocation and frequency assignment problems and/or time multiplexing constraints), stretch factor (maximal ratio of the length-hops or Euclidean-of the shortest path in the subgraph with respect to the length of the shortest path in the original graph, and cost (total length of the edges of the subgraphcan also use squares of lengths-as compared to the length of the edge in the MST.
The Gabriel Graph (Bose et al. [2001] ) was one of the first such spanners; two nodes keep their link if and only if the disk having as diameter the line with the two nodes as end-points contains no other node from the network (see Figure 2) . The Local Minimum Spanning Tree (Li et al. [2004] ) produces a planar spanner by having each node construct the minimum spanning tree of its distance k neighborhood; a link between two nodes remains in the spanner if and only if it belongs to the distance k spanning trees of both nodes. An extension of this result to Quasi Unit Disk Graphs (see Barriere et al. [2003] ) is given in (Chavez et al. [2006a] ). A similar idea also works for Local Delaunay Triangulations, since in this case a triangle is defined by three vertices whose circle contains no other points from the point-set.
Half-Space Proximal (Chavez et al. [2006c] ) is another class of subgraphs of the UDG whereby each vertex determines the closest vertex and excludes all vertices lying on the other side of the bisector of the line formed by these two nodes; it then iterates until no node is left uncovered. The resulting graph is a spanner but unlike the Yao graph, the Half-Space Proximal does not require globally consistent orientation by the nodes. Some of its nice properties include connectivity, constant stretch-factor, and maximum degree five. 
Dominating and connected dominating sets

Vertex and edge coloring
Graph coloring problems have numerous applications in scheduling and channel assignment. Frequency channel assignment is modeled by a graph in which two vertices are connected by an edge if the broadcasting units of their respective nodes interfere and therefore have to be assigned different channels. Since channels in the frequency band are limited and expensive resources the aim is to minimize the total number of used frequencies.
In (Czyzowicz et al. [2008b] ) a local algorithm for 7-coloring planar subgraphs of UDGs is presented by using elaborate tilings of the plane. In (Czyzowicz et al. [2007] ) a local algorithm is presented for edge colouring (l, k)-edge/wedge subgraphs of UDGs, for all integers l, k.
These are geometric graphs (see Figure 4) such that for some positive integers l, k the following property holds at each node u: if we partition the unit circle centered at u into 2k equally sized wedges then each wedge can contain at most l points different from u. An important parameter in the algorithm is the horizon distance d: a given node u never needs to be aware of the location of nodes beyond its horizon, as measured by the euclidean distance from u. The basic 2k + 1 edge coloring algorithm for (l, k)-edge/wedge subgraphs of UDGs, which is presented in this paper, uses a local horizon distance 7.81·lk.
CONCLUSION
We discussed techniques for local topology control in location aware Unit Disk Graphs. Our survey included recent local algorithms for Routing, Traversal, Planar Spanners, Dominating and Connected Dominating Sets, and Vertex and Edge Coloring. In addition to investigating trade-offs for the previously mentioned issues, several remaining open problems will play important role in the future development of the subject. These include solutions for three dimensional ad hoc hoc networks, study of power assignments in the physical interference model and the inclusion of realistic models of mobility.
